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Abstract 
Nuclear track membranes produced by China Institute of Atomic Energy (CIAE) in Beijing, China, and the Joint Institute for 
Nuclear Research (JINR) in Dubna, Russia have been used in the studies of filtration of medical injections and various 
transfusion liquid medicine to remove solid particles from the medicine. It shows that the filtration devices made of nuclear track 
membranes are superior to that made of any other types of membranes. Experiments have demonstrated that the removal 
efficiencies for solid particles with diameters 5 μm can reach over 95% and the flow rate is high enough for use in medical 
injection and transfusion. The reproducibility of removal efficiencies and flow rate of the new devices are satisfactory to the use 
in hospitals. Chinese authority in medicine has approved the new devices for use in Chinese hospitals. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The idea of making nuclear track membranes (NTM) by irradiation of thin insulating solids with heavy ions and 
then chemical etching came first from P. Buford Price and R. M. Walker in 1962. The first practical track filter 
(membrane) was made by R. L. Fleischer and P. Buford Price in 1963 (Fleischer et al. (1975); Price (2008)). One of 
the concerns nowadays in human health is to remove solid particles from medical injections and transfusions. Once 
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microscopic solid particles enter the blood vessel - vein and artery, the solid particles will never get out from the 
vessel. They will finally block the blood capillary and cause diseases. The best way to remove the solid particles is 
to filtrate the injections or transfusions by nuclear track filters. Track filters for medical injections and transfusions 
must fulfill the following requirements: (1) Removal efficiency must be high enough for a specific size of solid 
particles. (2) Flow rate of liquid medicine through the filters must be high enough in order to finish the processes of 
injection or transfusion within a limited time. (3) High stability and reproducibility must be achieved in the 
preparation process of the filters, i.e., to insure high removal efficiency and flow rate for all of the filtration devices. 
This article describes the methods and results of the assessments of track filters for medical filtration.  
2. Nuclear track membrane, filtration device and standard solid particles 
The track membranes used in this study were produced at the Tandem accelerator in China Institute of Atomic 
Energy (CIAE), Beijing, China and the accelerator in the Joint Institute for Nuclear Research (JINR), Dubna, Russia 
(Apel (2001)). Fig. 1a shows a microphotograph of the track membrane made of polyethylene terephthalate (PET) in 
JINR. To reduce overlapping of pores and increase the removal efficiency in filtration, three directions of heavy ion 
beams were used in irradiation of the track membrane. The three directions of pores can be easily recognized in Fig. 
1a as shown by the symbols.  
Fig. 1b shows two photographs (upstream side and downstream side) of the filtration device made of NTM. The 
effective area of the track membrane in the device is about 4 cm2. The outer diameter of the whole device is 3 cm. 
One of the requirements of filtration devices in Chinese medical services is that the removal efficiency must be 
higher than or equal to 90% for solid particles of size 5 μm. Another requirement is that the flow rate of liquid 
medicine through the track membrane must be higher than or equal to 500 ml/10 min under a pressure of 1 m high 
water (China National Bureau of Food and Medicine Supervision (2007)). A type of standard solid particles with 
diameter of 4.9 ± 2.7 μm was used to simulate the solid particles to assess the removal efficiency of the filtration 
devices. Fig. 1c shows a microphotograph of the standard solid particles used in this study. 
 
 
Fig. 1. Scanning electron microphotograph of nuclear track membrane produced in the Joint 
Institute for Nuclear Research (JINR), Dubna, Russia (a). Three directions of heavy ions and 
pore orientations in the membrane can be recognized. (b) Two photographs of the filtration 
device made of nuclear track membrane. (c) Microphotograph of standard solid particles 
used to assess the removal efficiency of filtration devices made of nuclear track membranes. 
3. Results of assessments 
3.1.  Removal efficiency of 5 μm solid particles. 
A Coulter counter (Coulter (1953)) was used to measure the number of solid particles: N0 before filtration and N1 
after filtration in the test liquid. The removal efficiency ε is calculated by equation: ε = (N0 – N1) / N0. The filtration 
was carried out under the pressure of 1 m high water. Fig. 2a shows the distribution of removal efficiency of the 
filtration devices made of track membranes for the standard solid particles. The removal efficiencies of the 
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randomly selected filtration devices (more than 1000) are all higher than 90% and most of them are higher than 95%, 
which meet the requirement of the hospitals in China. 
3.2.  Flow rate of liquid medicine through filtration devices 
Fig. 2b shows the distribution of flow rate of water simulating liquid medicine through the filtration devices. The 
distribution shows that the flow rates of more than 1000 randomly selected filtration devices are all higher than 500 
ml/10 min under the pressure of 1 cm high water, which fulfill the requirement of the medical services in China. 
 
 
Fig. 2. (a) Distribution of removal efficiencies of the filtration devices made of nuclear track membranes 
for the standard solid particles of diameter 4.9 ± 2.7 μm. (b) Distribution of flow rate of water (simulating 
liquid medicine) through the filtration devices under the pressure of 1 m high water. 
4. Conclusions 
(1) Nuclear track membrane as a key component of filtration devices can be used to remove solid particles in 
liquid medicine, such as injections and transfusions. The removal efficiency for solid particles of diameter of 5 μm 
is higher than 90%. (2) The flow rate of liquid medicine through the filtration device is higher than 500 ml/10 min 
under the pressure of 1 m high water. (3).The stability or reproducibility as well as the above parameters are good 
enough to satisfy the requirements of medical services. Chinese authority has approved the filtration devices. (4) 
Nuclear track membrane is a unique material with straight pores, unitary pore size, identical pore shape and flat and 
smooth surface. These characteristics make it superior to other filtration membranes on use in medical sciences. 
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